quency of MN increased significantly over time (p < 0.001) in all age categories and increased by more than 2 times in the 14-24 age category. Lupus nephritis (LN) and HenochSchönlein purpura nephritis (HSPN) decreased significantly (p < 0.001), diabetic nephropathy (DN) increased nearly twice (p < 0.001), monoclonal immunoglobulin deposition disease (MIDD) tripled (p < 0.001), and hypertensive nephropathy (HT) (p < 0.001) and renal amyloidosis (AMY) (p < 0.05) showed an upward trend. An analysis by age category showed that hepatitis B-related nephritis has significantly decreased in the 14-24 age category (p < 0.001). Conclusion: PGN continued to be the predominant kidney disease in China with IgAN being the most common PGN. The frequency of MN increased significantly, with a maximum increase in young adults. LN and HSPN decreased significantly, DN and MIDD increased significantly, and HT and AMY also showed an increasing trend. The kidney disease trends presented in this study serve as a reference point for patient care, disease prevention, and public health interventions.
Introduction
In 2010, a global burden of disease analysis showed that the predominant diseases in the Chinese population had changed from being communicable diseases to being noncommunicable diseases over the past 20 years and that these noncommunicable diseases had become a leading public health problem in China [1] . Chronic kidney disease (CKD) is one of the most significant of these noncommunicable diseases because its burden has become increasingly severe [2] . At present, there are over 100 million people with CKD in China [3] , a prevalence that most likely will continue to increase due to the increasing incidence of hypertension [4] , obesity [5] , and type 2 diabetes mellitus [6, 7] and due to the increasing average age of the population [8] . Therefore, updated epidemiological studies evaluating the spectrum of kidney diseases that lead to CKD are needed for the purposes of improving patient care, disease prevention, and public health interventions.
We have previously reported on the spectrum of kidney diseases based on 13,519 renal biopsy-proven cases from 1979 to 2002 [9] . In this study, we aimed to evaluate the changing trends in the spectrum of kidney disease based on 40,759 biopsy-proven cases from 2003 to 2014 in China.
Methods

Study Participants
From January 1st, 2003, to December 31st, 2014, 45,238 cases had been included in the Renal Biopsy Registry of the National Clinical Research Center of Kidney Diseases in Jinling Hospital, Nanjing. We reviewed these cases and excluded patients below the age of 14 years, those with missing demographic data, and those who had transplanted kidney biopsies or donor kidney biopsies. Additionally, biopsies containing <10 glomeruli were excluded from the analysis. Finally, 40,759 cases of renal biopsy were included. The study was approved by local ethics committees. Informed consent was obtained for renal biopsy from each patient. The research was in compliance with the Declaration of Helsinki.
Data Source
Biopsy specimens were routinely processed using standard light, immunofluorescence, and electron microscopy procedures. Clinical pathological diagnoses of all cases had been established by a consensus among experienced nephropathologists and nephrologists. Referring to the Histological Classification Scheme of Glomerular Diseases issued by the World Health Organization in 1995, classifications were made as follows: (1) primary glomerulonephritis (PGN) included IgA nephropathy (IgAN), membranous nephropathy (MN), minimal change disease (MCD), focal segmental glomerulosclerosis (FSGS), mesangial proliferative glomerulonephritis (MsPGN), membranoproliferative glomerulonephritis type 1 (MPGN I), dense deposit disease (DDD), MPGN III, C3 glomerulonephritis (C3 GN), endocapillary proliferative glomerulonephritis, and others; (2) secondary glomerulonephritis (SGN) included lupus nephritis (LN), Henoch-Schönlein purpura nephritis (HSPN), diabetic nephropathy (DN), hypertensive nephropathy (HT), obesity-related glomerulonephropathy (ORG), vasculitic renal damage (VAS), renal amyloidosis (AMY), monoclonal immunoglobulin deposition disease (MIDD), hepatitis Brelated nephritis (HBVN), and others; (3) tubulointerstitial disease included acute interstitial nephritis (AIN), chronic interstitial nephritis, acute tubular necrosis, aristolochic acid nephropathy, and others; (4) hereditary renal diseases included thin basement membrane nephropathy, Alport syndrome, lipoprotein glomerulopathy, Fabry disease, and others; (5) unclassified cases included those with undetermined diagnoses or those who were unable to be classified.
If a patient had multiple biopsies and all had the same kidney disease diagnosis, only the first biopsy was used in this study. If a patient had multiple biopsies each with different diagnoses, all of the diagnoses were classified and retained within the analysis. If more than one kidney disease diagnosis was made from a single biopsy specimen, all of the diagnoses were classified and retained within the analysis. For example, a patient with DN and IgAN counted as both DN and IgAN separately.
Demographic data, including age, gender, and date of biopsy, were abstracted from either medical records or biopsy referral forms completed by the referring nephrologists.
Statistical Analyses
We categorized the data into three consecutive 4-year time intervals (2003-2006, 2007-2010, and 2011-2014) for tabular presentation and data analysis and into twelve consecutive 1-year time intervals for plotting.
Continuous variables were expressed as means ± standard deviation or medians (interquartile ranges) and were compared using ANOVA or Kruskal-Wallis testing as appropriate. Categorical variables were expressed as frequencies (percentages) and compared using the χ 2 or Fisher exact test as appropriate. Differences between periods were evaluated using the χ 2 test for trend.
We used a generalized additive logistic model to estimate trends in the frequencies of the most common glomerulopathies with adjustments for gender and renal biopsy era. A two-sided p value of <0.05 was considered statistically significant. SAS software (version 9.1; SAS Institute Inc.) was used for statistical analysis.
Results
Study Participants
A total of 40,759 cases of renal biopsy were analyzed in this study. From these, there were 916 repeat biopsies in 858 patients; 67 of these repeat biopsies had different diagnoses from the initial biopsies and were included in the analysis. There were 464 patients with two different kidney disease diagnoses, and we retained and classified all of the diagnoses in the analysis. Ultimately, the study included 40,759 cases with 41,290 diagnoses. Biopsy frequencies increased annually from 1,978 (2003) to 4,861 (2014) . Average patient age was 36.59 (±14.12) years (Table 1 ). There were two distribution peaks in the age 20-25 and 40-45 categories of renal biopsy. A peak was observed among 20-year-old males, followed by a plateau. Female cases were mainly concentrated in the age 25-45 category (Fig. 1a) . Mean age of renal biopsy patients increased continuously. The percentage of patients aged >60 years increased from 5.48% in the period from 2003 to 2006 to 8.65% in the period from 2011 to 2014 (p < 0.001) (Fig. 1b) . The ratio of male to female patients as a whole was 1: 0.92 (male 52.0%) ( IgAN continued to be the most common PGN between both time intervals, and the second most prevalent PGN changed from mesangial proliferative glomerulonephritis to MN. Regarding SGN, the frequencies of LN and HSPN decreased, while the frequencies of DN, HT, and ORG increased (Fig. 2) . No patients between 1979 and 
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Rank Proportion Primary glomerulonephritis 2002 were diagnosed with rare kidney diseases, such as C3 glomerulonephritis and Gitelman syndrome. However, the frequencies of these kidney diseases have increased in the most recent decade.
The Changes in PGN Frequencies
IgAN, MN, MCD, and FSGS were the leading PGN diagnoses (Fig. 3a) . IgAN occurred frequently in young adults, whereas the frequencies of MCD and FSGS decreased with age and tended to be stable after the age of 30. The constituent advantage of MN increased gradually and over half of patients over 60 had MN (Fig. 4a) .
As shown in Table 2 ysis by age category indicated that the frequency of MN in all age categories increased significantly over time (p < 0.001), and increased by more than 2 times in the 14-24 age category, which was the greatest increase in all age categories, while it minimally increased in the ≥60 age category.
The Changes in SGN Frequencies
LN, HSPN, DN, HT, ORG, VAS, AMY, HBVN, and MIDD were the most common SGN (Fig. 3b) diagnoses. There were significant differences in the frequencies of each SGN in different age categories. LN peaked in the age 20-40 category. HSPN peaked in the age 14-20 category and decreased sharply in the succeeding age categories before stabilizing around age 50 and beyond. DN was most common in the age 45-70 category. The frequencies of AMY, VAS, and MIDD increased with age (Fig. 4b) .
The constituent ratio of each SGN changed dynamically at different time intervals. LN and HSPN decreased significantly (p < 0.001), DN increased nearly twice (p < 0.001), MIDD increased by 3 times (p < 0.001), and HT (p < 0.001) and AMY (p < 0.05) also increased and were especially prominent from 2011 to 2014. The analysis by age category found that HBVN showed a significant downtrend in the 14-24 age category only (p < 0.001) (Table 3).
The Changes in Tubulointerstitial Disease and Hereditary Renal Disease Frequencies
The frequencies of tubulointerstitial disease are shown in Figure 3c . In total, there were 1,212 patients with tubulointerstitial disease. The most common tubulointerstitial disease was acute interstitial nephritis (45.21%), followed by acute tubular necrosis (29.46%), chronic interstitial nephritis (20.13%), and aristolochic acid nephropathy (3.05%).
The frequencies of hereditary renal diseases are shown in Figure 3d . There were 1,049 patients diagnosed with hereditary renal diseases. The most common hereditary renal diseases were Alport syndrome (33.27%) and thin basement membrane disease (48.43%). Lipoprotein glomerulopathy accounted for 4.58% of hereditary renal diseases. Fabry disease accounted for 3.43%.
Discussion
This study analyzed and summarized patient characteristics and the changing frequencies of kidney diseases creased significantly in the 14-24 age category over time, whereas DN, HT, AMY, and MIDD increased over time.
The mean age of kidney disease patients has increased significantly in the past 12 years, and the frequency of patients over the age of 60 years with renal biopsy has increased. These trends are mostly likely due to the fact that renal biopsy has become more popular and because the technology has improved, meaning that age 60 years is no longer an absolute contraindication for renal biopsy. Additionally, the increasing average age of the Chinese population might also be one of the important reasons.
MN increased the most from 2003 to 2014 and has now become the second most common PGN. Previous studies [10] [11] [12] [13] [14] [15] [16] [17] indicated that in China the majority of patients aged >60 years who underwent renal biopsy had MN, especially patients aged ≥65 years. Studies have also shown that MN has increased significantly in India [18] and Brazil [19] , while it decreased in Japan [20] , Korea [21] , the USA [22, 23] , and the UK [24] . In addition to geographical and genetic factors, the increase in MN in China and the decrease in MN in developed countries might be related to environmental exposures, industrialization, and lifestyle changes [15] . Industrialization is inevitably accompanied by environmental pollution, involving heavy metals and organic solvents. A multicenter study in China reported that the frequency of MN presented a rising tendency and doubled from 2004 to 2014, which was consistent with our research results. Based on the analysis in that study, the high prevalence of MN was most likely associated with poor air quality, and suggested that longterm exposure to high levels of PM2.5 might be associated with an increased risk of MN [17] . However the specific mechanism remains to be further explored.
One of the important findings from our study is the remarkable rising trend in the frequency of MN, especially in the age 14-24 category, which represented the greatest increase in all age categories, while it only minimally increased in the ≥60 age category. Liu et al. [25] analyzed the spectrum of kidney disease in Chinese children (6-19 years old) and found that MN reached up to 7.5% of all PGN, with a significant rising tendency from 2009 to 2013 (4.4 vs. 9.1%). Therefore, the frequency of MN in young adults has increased, suggesting that the possibility of MN should be actively considered in young patients with nephrotic syndrome in clinical practice. The younger the patients were, the higher the rising frequency of MN was. The reason behind this phenomenon has yet to be elucidated. However, perhaps younger patients are more vulnerable to the effects of pollution and thus more susceptible to MN.
The frequencies of some other PGN subtypes significantly declined, e.g. IgAN and FSGS, although IgAN is still the most common PGN. A similar finding was also observed in other Chinese subpopulations [17] , while the frequency of IgAN has remained stable in the USA [23] . The decline in FSGS frequency has been previously observed in the Chinese population [17] . Previous studies from the USA showed an increase in the frequency of FSGS, which was followed by a plateau and decline in its frequency in the 21st century [23] .
Renal damage secondary to diabetes and hypertension had a rising tendency. Considering renal biopsy indications, the patients considered as having DN or advanced DN in the clinic did not tend to receive renal biopsy, so the prevalence of DN might be underestimated, actually. As the prevalence of diabetes in the Chinese population increases continuously [6, 7] , DN will certainly maintain an increasing trend. Similarly in the USA, renal biopsyproven DN has markedly increased over the past 3 decades [23] .
HT has also increased. A national epidemiological investigation [4] found that the prevalence of hypertension increased from 18.0% to 27.8% from 2002 to 2013 in China, which means that there were 139 million newly diagnosed patients with hypertension. Therefore, it is likely that HT will continue to increase.
The increase in the incidence of metabolic-related nephropathies suggests that the influence of metabolic factors should not be ignored when diagnosing kidney disease. Furthermore, patients with metabolic disorders should be educated regarding their risks of renal damage.
Our study found that HBVN decreased significantly in the age 14-24 category, most likely due to the ministry of health's introduction of the hepatitis B vaccine in 1992. Liang et al. [26] revealed that HBsAg seroprevalence reduced from 9.8 to 7.2% from 1992 to 2006 in China. Furthermore, infection risk was reduced in newborns and infants. It is believed that the frequency of HBVN in patients >24 years will decrease as vaccinated patients continue to age.
The frequencies of kidney diseases that historically had low incidences, such as MIDD and AMY, increased. Other kidney diseases, such as C3 glomerulonephritis and Gitelman syndrome, were only reported in the most recent decade. The underlying reasons for these increases may include an increase in the referral population size from 1,978 (2003) to 4,861 (2014) , improvements in knowledge of these disease and in diagnostic techniques, or a true increases in disease incidence. A large multicenter study will be needed to identify the reasons.
Our study has several limitations. Firstly, as a singlecenter study, the enrolled patients may not have been an adequate representation of the entire Chinese population, although the patients did come from a variety of regions in China. It is also worth mentioning that this study only reflects the frequencies of kidney diseases among those who have undergone renal biopsy, and thus these findings may not be applicable to the general population. In addition, the National Clinical Research Center of Kidney Diseases may be more likely to identify rare diseases and thus overestimate their prevalence. Secondly, as it is an observational study, we could only observe the changes in the frequencies of kidney diseases and thus could not fully explain the reasons behind these changes. Hence, follow-up studies are required to elucidate the roles of various factors in the frequencies of kidney diseases.
In conclusion, PGN remained the predominant kidney disease type in China, of which IgAN was the most common. The frequency of MN increased significantly with the greatest increase in young adults. LN and HSPN decreased significantly, while DN and MIDD increased significantly, and HT and AMY showed an upward trend. The kidney disease trends presented in this study serve as a reference point for patient care, disease prevention, and public health interventions.
